microorganism products and found that the culture supernatant of Streptomyces sp. Mer-2487 suppresses the HIV-1 Tat-induced gene expression without affecting the basal or tumor necrosis factor-a-induced transcription. The purified active componenthas a unique structure, as shown in Fig. 1 . This compound has an inhibitory effect on HIV-1 replication in chronically infected cells as well as acutely infected cells, suggesting that the inhibition occurs at a postintegration step ofHIV-1 proviral DNAin the HIV-1 replication cycle.
Combination chemotherapy with reverse transcriptase of AIDSpatients. However, the discovery of novel antiinhibitors and protease inhibitors for the treatment of HIV-1 agents with a different mode of action is still HIV-1 infection has considerably improved the prognosis necessary because of the problems of drug-resistance, high cost, and low compliance associated with drug combinations.
Furthermore, the HIV-1 genome, which is integrated into the host genomeafter infection, exists over a long period in resting T cells and maintains its ability to replicate!'2). Among the strategies to overcome such limitations of current anti-HIV-1 chemotherapy, we have chosen the inhibition of HIV-1 transcription by small molecules. The benzodiazepine derivatives Ro 5-3335 and Ro 24-7429 were shown to inhibit HIV-1 replication in certain cell cultures by interfering with Tat functions3 4).
ALX40-4C was designed to inhibit the Tat-TAR interaction, an essential step of Tat-induced transactivation, yet its inhibitory effect on HIV-1 replication through an antiTat mechanismwas not demonstrated.
To discover a novel compound that inhibits HIV-1 transcription,
we have established human T-cell lines that are able to produce a secretory form of alkaline phosphatase under the control of HIV-1 long terminal repeat (LTR). Using these cell lines, we have screened our compoundlibraries, plant extracts, and culture supernatants of microorganisms. Here, we report that EM2487, a product of Streptomyces sp. Mer-2487, has a unique structure and inhibits Tat-induced gene expression without affecting the basal or tumor necrosis factor (TNF)-a-induced transcription. We also report the anti-HIV-1 activities of EM2487in acutely and chronically infected cell cultures.
Materials and Methods

Analytical Measurement
General Procedures; Ultraviolet spectra were measured on a SHIMADZU UV-2400PC spectrophotometer. Infrared spectra were recorded on a JASCO FT/IR-620 spectrometer. Specific rotations were determined at 22°C
with a JASCO DIP 1000 digital polarimeter. !H, 13C, and 31P NMRspectra were recorded on a JEOLJNM-a600or a Varian UNITYINOVA-500 spectrometer. Chemical shifts were referenced to internal solvent peaks: <5H 3.35 for CHD2OD and <5C 49.0 for CD3OD; 5H 4.70 for HOD; 8n 7.27 for CHC13 and 8C 77.0 for CDC13; and external standard S? 0.00 for H3PO4. FAB mass spectra were measured on a JEOL JMS-SX102 mass spectrometer using glycerol, m-nitrobenzylalcohol, or triethanolamine as matrix.
EM2487
(1); Physico-chemical data, see Identification of glycinamide (6) by PITC method; To a 1/10 portion of the hydrolysis product containing 6 was added 20^1 of solvent mixture (EtOH-H2O-TEA, 2 :2: 1). After concentration under reduced pressure, the residue was dissolved in a mixture of EtOH-H2O-TEA-PITC (7: 1 : 1 : 1, 20^1). The reaction mixture was allowed to stand for 20minutes at room temperature and then concentrated under reduced pressure to obtain the PTC (phenylthiocarbamoyl) derivative, which was then subjected to HPLC analysis. Authentic glycinamide (ca. The transfected cells were diluted in 10% FCS RPMI 1640 medium, incubated overnight, and further cultured in 10% FCS RPMI 1640 medium containing 0.8mg/ml geneticine in a 24-well microplate for 2 weeks. The CEM transformants that constitutively produced alkaline phosphatase (AP) were cloned by limiting dilution.
The selected clones were examined to determine whether their AP level was enhanced by Tat or TNF-a. These clones were transfected or mocktransfected by pSV2-fatf-long, and NOV. 1999 cultured in the presence or absence of2 ng/ml TNF-a for 2 days. Alkaline phosphatase activities of the supernatants were determined and the clones having a high ratio of the basal APlevel to the Tat or TNF-a-enhanced AP level were chosen. Weselected 3A5 (a clone transfected with Cell- On day 7, the anti-HIV-1 activity and cytotoxicity were determined by the MTTmethod8).
Anti-HIV-1 assay in OM-10.1 cell: OM-10.1 cells (IX 105cells/ml) were incubated in the presence of various concentrations of compounds for 2 hours. They were stimulated with 1 ng/ml TNF-a and further incubated. After 3 days, the amounts ofp24 antigen were measured by Fermentations were carried out at 28°C with an aeration of 7.5liters/minute and agitation at 100-250rpm. The concentration of the active componentreached maximum levels at 64 hours after inoculation.
Taxonomyof the Producing Strain
Strain Mer-2487 was isolated from a soil sample collected in the Shiga-Kogen, Nagano Prefecture, Japan.
As morphological characteristics, the aerial mycelium of the strain Mer-2487 was well branched and the top of the aerial mycelium was straight or flexuous. After growing, it became divided and formed straight spore chains. The size of the elliptical spore was about 0.6-0.8X1.0-1.2/im.
The surface of the spore was smooth. Nosclerotic granules, sporangia or zoospores were observed (Fig. 2) . The strain had the following cultural characteristics when grown on media as described below at 28°C. 
Isolation of EM2487
The isolation procedure for EM2487 is outlined in Fig. 3 . The fermentation broth (24liter) was separated to the mycelia cake and the supernatant by centrifugation. The mycelia cake was extracted with methanol (20 liter), then the methanol layer was concentrated under reduced pressure until methanol was removed. The concentrated solution was added to the supernatant, and the mixed solution was applied to a Diaion HP-20 (2.4liter, Mitsubishi Chemical Corp.) column. The column was washed with 20% methanol (6 liter), then eluted with 80% acetone (41 liter). The eluate was concentrated in vacuo to give a crude EM2487powder. The crude powder was subjected to an ODS column (ODS-AM120-S50, Yamamura Chemical Institute), eluted with 35% acetonitrile in buffer (20 mMphosphate buffer pH 7.0). The eluate including EM2487was desalted using a Diaion HP-20column and then concentrated in vacuo.
Finally, EM2487 (432 mg) was isolated by preparative HPLC(mobile phase: 35% acetonitrile/20 mMphosphate buffer, pH 7.0) using an ODScolumn (J'sphere ODS-AM 
Structure Elucidation
The physico-chemical properties of EM2487 (1) are summarized in Table 1 . The molecular formula of EM2487 The *H and 13C NMRdata are summarized in Table   2 . Concomitant analysis of 1H, 13C, and HMQC (heteronuclear multiple quantum coherence) spectra indicated that this compound contains 3 methyl, 14 methylene, 7 sp2 methine, and 8 sp3 methine groups. The presence of a long alkyl chain was readily inferred from a broad signal from <5H 1.39 to 1.28ppm observed in the *H NMRspectrum. In^H COSYand TOCSY(total correlation spectroscopy) spectra, a spin system of ribose (Fig. 4) . Compound 3 had a molecular formula of C23H45N3O10P2,which was defined as the base for HRFAB mass measurements. Because uridine (C9H12N2O6) and 3 were derived from 1 (C32H57N5O16P2), dehydration occurred during the degradation step. The lH and 13C NMR spectra (<5H 7.35, 5C 202.6, 154.9, and 146. 2) and also the IR spectrum (vmax 1718) of 3 indicated the presence of an ce,/3-unsaturated ketone which was absent in 1. Since complete structural determination of 3 by an spectroscopic procedure was not feasible, 3 was further hydrolyzed with 1.0n HC1 at 100°C to yield the degradation products 4, 5, and 6 (Fig. 4) . The molecular formula of 4 was deduced as C15H33NO phosphate group was indicated by the 31P NMRspectrum (<5P -0.70) and a diagnostic fragment ion at mlz 79 (PO3) observed in the negative mode FABmass spectrum. The above mentioned structural units fully explained the molecular formula. The methine groups were adjacent (VHH=2.6Hz) and one of them was also coupled with the phosphorus (Sn 4.62, 3i/PH= 10.7 Hz) to define a phosphate ester of a glycol as a partial structure. In the HMBC spectrum, long range C-H couplings were observed between H2 and C1/C3, H3 and G2/C4/C5, H4 and C1/C2/C3/C5/C6, H-6 and C1/C4/C5, respectively. On the basis of these results, the structure of 5 was established as 5-hydroxy-3-hydroxymethyl-2-oxocyclopent-3-enyl by acid hydrolysis, and subsequent dehydration as depicted in Fig. 5 . On the basis of these data, the structure of the original C6 unit was unambiguously determined as shown in Fig. 1 . The degradation product 6 was identified as glycinamide. The presence of glycinamide was first suspected when *H and 13C NMRspectra of 1 showed signals ofmethylene (<5H 4.10-3.90, <5C 51.7) and carbonyl groups (Sc 178.7), which were isolated from the other spin systems. TLCanalysis of the degradation products showeda ninhydrin positive spot whose Rf value was identical with that of glycinamide.
Finally, the presence of glycinamide was substantiated by conventional PITC (phenylisothiocyanate) method.
At this stage, all six substructures were established, i.e., uridine, C6 cyclopentene unit, alkylhydroxylamine, glycinamide, and two phosphate groups. Assembly of these substructures was accomplished by a combination of spectroscopic techniques particularly by 1H-31P HMBCand 3*P decoupled *H NMRexperiments. The key correlations connecting the partial structures are summarized in Fig.6 . The NOESYcross peaks between Ha5' and H-b2 (Fig. 6 ) indicated that a5r of the uridirie was the linking position to the C6 unit. Relatively low chemical shifts of the a5' protons (5H 4.51 and 4.27) also supported this connection.
The two phosphorus were coupled with each other by 17Hz, which is a typical value of 2/PPn). The 1H-31P HMBC spectrum demonstrated long range coupling between one of the phosphorus signals and the H-b2 of the C6 unit, while the other phosphorus showed 4J correlation with N-CH3 protons of the alkylhydroxylamine. Furthermore, cross peaks were detected between both NOV. 1999 phosphorus signals and methylene protons of the glycinamide.
These data strongly suggested that glycinamide was situated between both phosphorus.
In order to confirm the unique P-N-P link and also to determine the linking position of glycinamide, 31P selective decoupling experiments were performed/ Wheneither of the phosphorus was irradiated, about 13Hz of scalar coupling disappeared fromthe glycinamide CH2 proton resonances. This value was regarded as that of a three bond coupling when compared with a model compound reported in the literature;12) thus it was determined that the linking position was an amine nitrogen. A negative result of 1 with ninhydrin reagent was consistent with these results.
The mass spectral data also supported the above mentioned link. The negative ion FABmass spectrum of 1 showed several diagnostic fragment ion peaks at mlz 603, 458, and 215 (Fig. 7) . The assignments shown in Fig. 7 were confirmed by the accurate mass of the fragment ions such as C17H25N4O16P2 for mlz 603, C17H38N3O7P2 for mlz 458, and C2H5N2O6P2 for mlz 215 by HRFAB-MS.
From all these results, the structure of EM2487 (1) (Fig. 8A) . Ro 24-7429 displayed a similar inhibitory effect on Tat-induced gene expression in 3A5 cells (Fig. 8B) . In contrast, both EM2487 and Ro 24-7429 slightly enhanced the TNF-a-induced gene expression at their nontoxic concentrations (Fig. 8 ).
Exogenous addition of Tat protein also increased the level ofPLAP approximately 50-fold in 3A5 cells, and this effect was suppressed by the presence of EM2487 (data not shown). MOLT-4cells (1X105cells/ml) were infected with HIV-1 (IIIB strain) at a MOI of 0.1, and cultured in the presence of various concentrations of the test compounds. After a 4-day incubation at 37°C, MOLT-4 cells were subcultured at ratio of 1 : 5 with fresh culture mediumcontaining the same concentration of the compounds. On day 7, anti-HIV-1 activity and cytotoxicity were determined by the MTTmethod. OM-10.1 cells (1 X 105 cells/ml) were incubated in the presence of various concentrations of the test compounds for 2 hours, stimulated with 1 ng/ml TNF-a, and further incubated. After a 3-day incubation at 37°C, the culture supernatants were collected nd examined for their p24 antigen levels (à"). The cytotoxicity of the test compounds were also determined by the MTTmethod (A).
Anti-HIV-1 activity: When EM2487was examined for its inhibitory effect on HIV-1 replication in acutely infected MOLT-4 cells, it protected the cells almost completely against HIV-1-induced cytopathicity at a concentration of l<5 jjm (Fig. 9A) . This inhibition was dose-dependent. The inhibitory effect on HIV-1 replication was also observed with Ro 24-7.429 at a concentration of 0.5 and 1 fiu (Fig.  9B) . The 50% effective concentrations (EC50s) of EM2487
and Ro 24-7429 were 0.4 and 0.3 jj,m (data not shown). In the 'chronically infected cell line OM-10.1, EM2487 inhibited HIV-1 replication, as determined by the production of p24 antigen in culture supernatants. EM2487 reduced the p24 antigen level in a dose-dependent fashion and completely suppressed the antigen production at a concentration of 2.4 /im (Fig. 10A) . At this concentration, the compound did not inhibit the proliferation and viability In contrast, EM2487 showed inhibitory activity against HIV-1 replication in acutely infected MT-4cells as well as peripheral blood mononuclear cells and MOLT-4 cells (data not shown).
Using the 3A5 cell line, we have screened compounds libraries, plant extracts and culture supernatants of fungi and actinomycetes, and found some compounds which could suppress HIV-1 LTR-driven transcription with similar potency to EM2487 at their nontoxic concentrations. However, they could not inhibit HIV-1 replication in MOLT-4 cells and OM-10.1 cells. It is thought that these compounds failed to show anti-HIV-1 activity because the transcription control mechanisms of the integrated HIV-1 genomeare morecomplicated than those of the simple LTR-driven transcription and our reporter system is not capable of reflecting such complex mechanisms. A more elaborate system wouldbe necessary for the moreefficient discovery of new anti-HIV-1 compounds. EM2487is a new class of secondary metabolites of microbial origin whose structure is completely different from that of known nucleoside antibiotics16 which is susceptible to acid hydrolysis (Fig. 1) . Both of the hydrolysis products, uridine and product 3 (Fig. 4) , did not show any inhibitory effects on the Tat-induced gene expression or HIV-1-replication (data not shown). Further studies are required to pinpoint the target and determine the mode of action ofEM2487.
